OBJECTIVE-The purpose of this study is to assess the additional value of secretin-enhanced MRCP over conventional (non-secretin-enhanced) MRCP in diagnosing disease in patients with recurrent acute pancreatitis.
abnormalities than did conventional MRI and should be part of the MRCP protocol for investigation of patients with recurrent acute pancreatitis.
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Most patients with acute pancreatitis recover completely after appropriate therapy. However, about 25-30% of patients [1, 2] have more than one such episode and are said to have recurrent acute pancreatitis. In patients with excessive alcohol consumption, this figure is higher, with about 50% having a second episode of acute pancreatitis within 10 years of follow-up [3] . The two important aims of investigating patients with recurrent acute pancreatitis are to determine whether there is a treatable risk cause for acute pancreatitis and whether there is evidence of chronic pancreatitis. In recurrent acute pancreatitis, it is assumed that the gland returns to normal between the acute episodes. In chronic pancreatitis, there is permanent damage to the gland with parenchymal fibrosis or ductal irregularities. Pancreatic ductal diseases are primarily investigated with MRCP and ERCP, with the latter usually considered to be the reference standard. Conventional MRCP is safe but has a reduced sensitivity for ductal diseases, such as divisum [4] [5] [6] , and does not assess the exocrine function of the gland.
Secretin is a hormone produced by the S cells of the duodenal mucosa in response to acid in the duodenal lumen [7] [8] [9] . Its primary effect is to increase water and bicarbonate secretions by exocrine cells of the pancreas [7, 8] . Studies have shown that secretin increases the amount of fluid in the pancreatic ducts and may augment the sensitivity of MRCP in diagnosing pancreatic ductal disease, congenital anomalies, and chronic pancreatitis [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, these studies, other than a multicenter phase 3 study [11] , did not compare secretin-enhanced MRCP and conventional MRCP to determine the added benefit of secretin-enhanced MRCP. In addition, these studies usually did not correlate MRCP findings with a reference standard, such as ERCP. To our knowledge, only three prior studies have assessed the value of secretin-enhanced MRCP in recurrent acute pancreatitis [19] [20] [21] .
In this study, we were interested in comparing a cohort of patients with recurrent acute pancreatitis and a control group without a history of acute or chronic pancreatitis, all of whom underwent secretin-enhanced MRCP and ERCP. The two aims of the study were to determine whether secretin-enhanced MRCP was superior to conventional MRCP in diagnosing pancreatic disease in patients with recurrent acute pancreatitis and whether there were differences in ductal anatomic and exocrine functional abnormalities between the recurrent acute pancreatitis cohort and control group on secretin-enhanced MRCP.
Materials and Methods
Patients
This retrospective HIPAA-compliant cohort study reviewed the MRI database of 2871 patients who underwent secretin-enhanced MRCP between January 2007 and December 2011. Permission for access to patient data with a waiver of consent was obtained from the institutional review board of Indiana University School of Medicine. Patients were selected for the cohort group if the secretin-enhanced MRCP was performed after a diagnosis of recurrent acute pancreatitis was made (Fig. 1 ). Excluding patients with pancreatic surgery or tumor resulted in a cohort of 54 patients with recurrent acute pancreatitis. In addition, a control group was selected comprising 57 patients who underwent secretin-enhanced MRCP between January 2007 to March 2007 and who had no clinical history of acute or chronic pancreatitis, pancreatic tumors, or surgery.
MRCP Technique
The MRI examinations were performed on a 1.5-or 3-T MRI scanner (Magnetom Avanto, Harmony, or Verio, all from Siemens Healthcare). The techniques used for T2-weighted, 2D, and 3D MRCP and secretin-enhanced MRCP sequences have been previously published [22] . The patients were advised not to eat or drink for 6 hours before the scan. Patients drank oral contrast agent (300 mL of ferumoxsil; GastroMark, Covidien Pharmaceuticals) 30 minutes before the scan to reduce the signal from luminal content of the stomach, duodenum, and proximal jejunum. Secretin-enhanced MRCP images were obtained after the injection of 16 μg of IV synthetic human secretin (ChiRhoStim, ChiRhoClin). Coronal 4-cm slab HASTE images were obtained through the upper abdomen to include the pancreas and bile ducts every 30 seconds for 10 minutes [17, 22] .
Image Analysis
All images were downloaded to a computer (iMac, running Mac OS X, Apple). The secretin-enhanced MRCP images were separated from the rest of the image series and saved as the secretin-enhanced image set (set A). The T2-weighted axial and coronal images and 2D and 3D MRCP images were grouped together and saved as the non-secretin-enhanced image set (set B). Gadolinium-enhanced images were not included in this set. All images were anonymized using a DICOM viewer (OsiriX3.91, Pixmeo). The two image sets per patient were labeled with different random case numbers.
The image sets were reviewed by an abdominal radiology fellow and an abdominal radiologist with 8 years of experience who were blinded to the clinical history and ERCP results. They assessed for the presence or absence of pancreas divisum, main duct dilation, ductal stricture, dilation of three or more side branch ducts, and acinarization [23] using a 5-point scale: 1 denotes definitely present, 2 denotes probably present, 3 denotes indeterminate, 4 denotes probably absent, and 5 denotes definitely absent. Duct dilation was considered if the pancreatic duct measured greater than 5 mm in caliber. A stricture was seen when the pancreatic duct abruptly changed caliber by more than 1 mm. Any visible side branches were considered dilated. In addition, the exocrine response to secretin (assessed only on the secretin-enhanced image sets) was graded using previously published criteria, where 0 denotes no visible exocrine output, 1 denotes that output only fills the duodenal bulb, 2 denotes that output fills the duodenal bulb and the descending duodenum, and 3 denotes that output fills the entire duodenum [24] . If the two blinded reviewers diverged in their findings, a consensus agreement was made between the reviewers and a third author with 12 years' experience in reading secretin-enhanced MRCP studies; all reviewers were blinded to clinical outcome.
Statistical Analysis
The reports of the endoscopists performing the ERCP, based on real-time evaluation of endoscopic and fluoroscopic images, were taken as the reference standard. Interobserver agreement on the initial reads before consensus review was determined using the intraclass correlation coefficient. Differences in pancreatic ductal findings (divisum, main and side branch dilation, and ductal stricture) between the recurrent acute pancreatitis cohort and the control group were determined with the Fisher exact test and odds ratios. The comparison between secretin-enhanced and non-secretin-enhanced MRCP images was performed using ROC curves. Statistical analysis was performed using MedCalc (version 12.3.0, MedCalc Software).
Results
Patients
The mean age of patients in the recurrent acute pancreatitis cohort was 43.6 years (range, 14-76 years), with 17 male and 37 female patients. The mean age of the control group was 43.0 years (range, 14-74 years), with 16 male and 41 female subjects. There were no statistically significant differences in sex (p = 0.69) or age (p = 0.84) between the patients with recurrent acute pancreatitis and the control subjects. The indication for MRI in the recurrent acute pancreatitis group was to assess for chronic pancreatitis (n = 24), divisum (n = 21), sphincter of Oddi dysfunction (n = 7), and miscellaneous (n = 2). The indication for MRI in the control group was unexplained abdominal pain (n = 42), suspected sphincter of Oddi dysfunction (n = 12), and miscellaneous (n = 3). The mean time between MRCP and ERCP for all patients was 24 days (range, 0-88 days). The order in which ERCP and MRCP were performed varied.
Interobserver Agreement
The intraclass correlation coefficients for the scores given for image set A were as follows: divisum, 0.78; pancreatic duct dilation, 0.83; pancreatic duct stricture, 0.64; and side branch dilation, 0.68. Similarly for image set B, the correlation coefficients were as follows: divisum, 0.94; pancreatic dilation, 0.79; pancreatic duct stricture, 0.72; and side branch dilation, 0.65. There was good or excellent agreement between the two reviewers. Nine cases (five cases with recurrent acute pancreatitis and four control cases) needed consensus reads with the third reviewer. Table 1 gives the results of the analysis of the recurrent acute pancreatitis and control groups for pancreatic ductal and exocrine output findings. There was no statistically significant difference (p = 0.35) in the frequency of divisum between the groups. Side branch dilation (p = 0.02) was more common in the recurrent acute pancreatitis group, and patients with recurrent acute pancreatitis were more likely to show at least one ductal abnormality (p = 0.01). Figure 2 gives the exocrine output in the recurrent acute pancreatitis and control groups. Poor exocrine output (score 1) was seen in six of 54 patients (11%) with recurrent acute pancreatitis and no control patients. The proportion of patients with impaired exocrine functions (scores 1 and 2) was statistically significantly higher in the recurrent acute pancreatitis cohort compared with the control group (31.5% vs 8.8%; p < 0.01). Table 2 shows the sensitivity and specificity of secretin-enhanced (image set A) and nonsecretin-enhanced (image set B) MRCP images in detecting abnormalities in patients with recurrent acute pancreatitis. ERCP findings were used as reference standard. Table 3 shows the AUC values for the same findings.
Recurrent Acute Pancreatitis Versus Control Group
Usefulness of Secretin-Enhanced MRCP in Recurrent Acute Pancreatitis
In general, the secretin-enhanced images had a higher sensitivity than did the non-se-cretinenhanced images, with a minimal reduction in specificity. This was particularly true for the detection of divisum (sensitivity, 57.1% vs 85.7%) (Fig. 3) and side branch dilation (sensitivity, 21.4% vs 71.4%) (Fig. 4) . The AUC shows that the secretin-enhanced image set was substantially better at showing a ductal abnormality than the non-secretin-enhanced image set (0.983 vs 0.760; p < 0.01).
Discussion
Recurrent acute pancreatitis is defined as more than one episode of acute pancreatitis with complete or almost complete relief of symptoms between acute episodes. Patients with recurrent acute pancreatitis do not have continuous pain requiring treatment, clinical evidence of endocrine or exocrine pancreatic insufficiency, or permanent histologic changes such as calcification or fibrosis [25] . Studies suggest that 10-30% of patients with acute pancreatitis develop recurrent acute pancreatitis [1, [26] [27] [28] . For 70-80% of patients with recurrent acute pancreatitis, a specific cause may be identified [27] , such as gall stone disease (especially biliary microlithiasis), excessive alcohol consumption, hypertriglyceridemia, medications, genetic mutations, hypercalcemia, sphincter of Oddi dysfunction, and pancreatobiliary ductal anomalies. Apart from laboratory and imaging tests to identify causes of acute pancreatitis, the investigation of recurrent acute pancreatitis requires a detailed assessment of pancreatic ductal anatomy. MRCP and ERCP are traditionally used for this purpose, though some authors have also espoused the utility of endoscopic ultrasound [2] . Increasingly, testing for mutations in cystic fibrosis transmembrane conductance regulator, serine protease inhibitor Kazal type 1, and cationic trypsinogen genes is performed in the investigation of recurrent acute pancreatitis, especially in children [27, 29] . The rate of progression of recurrent acute pancreatitis to chronic pancreatitis is unknown. It is thought that persistence of the causes of acute pancreatitis, such as genetic defects or continued alcohol abuse, increases the risk of progression of chronic pancreatitis [28, 30, 31] .
Patients With Recurrent Acute Pancreatitis Versus Control Subjects
The correlation between pancreas divisum and recurrent acute pancreatitis has been debated [27, 28] . A study comparing patients with recurrent acute pancreatitis to community control subjects showed a higher frequency of divisum in patients with recurrent acute pancreatitis [32] . However, our study and others did not find this to be the case [12] . It is unclear whether divisum per se is a cause of acute pancreatitis or whether other associated factors, including genetic abnormalities, play a role [33] . Secretin-enhanced MRCP sometimes shows cystic dilatation of the end of the Santorinicele, which may suggest pancreatic ductal hypertension [34] . Reports have suggested that sphincterotomy at the minor ampulla, in cases of divisum, reduces the frequency of recurrent acute pancreatitis [35, 36] . Thus, it is clinical practice to investigate for anomalous ductal anatomy in patients with recurrent acute pancreatitis.
To our knowledge, no study has reported the ductal changes in patients with recurrent acute pancreatitis compared with a control group. Prior studies have advocated the use of secretinenhanced MRCP in assessing patients after episodes of acute pancreatitis. A prospective study of 37 patients with idiopathic recurrent acute pancreatitis, followed over a mean period of 31 months, reported that morphologic features of ductal anatomy revealed by secretinenhanced MRCP can obviate the need for ERCP [21] . In a study of patients with chronically elevated amylase (a group distinct from patients with recurrent acute pancreatitis), secretinenhanced MRCP found evidence of chronic pancreatitis in one-third of cases [37] . In our study, we found evidence of multiple dilated side branches in 26% of the recurrent acute pancreatitis group compared with 9% in the control group (p = 0.02). According to the Cambridge classification of chronic pancreatitis, three or more side dilated side branches without main duct disease constitutes mild chronic pancreatitis [38] . Thus, early (subclinical) ductal changes of chronic pancreatitis were seen more commonly in patients with recurrent acute pancreatitis.
Secretin-enhanced MRCP has the potential to quantify pancreatic exocrine reserve. Studies have shown that patients with suspected or established chronic pancreatitis have a reduced exocrine output in response to secretin, compared with control subjects [13, 14, [39] [40] [41] . Our study also shows a statistically significantly higher proportion of patients with recurrent acute pancreatitis with impaired exocrine function, compared with control subjects (32% vs 9%; p < 0.01). This suggests that functional deficiencies occur in about one-third of patients with recurrent acute pancreatitis, even when no anatomic ductal disease is found.
Added Value of Secretin-Enhanced MRCP in Recurrent Acute Pancreatitis
We investigated the sensitivity and specificity of secretin-enhanced MRCP and conventional MRCP for detection of four ductal abnormalities: divisum, main duct dilation, main duct stricture, and side branch dilation. Initial reports suggested a high accuracy of routine MRCP in diagnosing divisum [4] . More recent studies indicated that MRCP had a sensitivity of only 32-73% in diagnosing divisum [5, 6, 42] . Three recent studies have showed that secretinenhanced MRCP had a higher sensitivity and specificity compared with routine MRCP for diagnosing divisum [6, 43, 44] . In one study, secretin-enhanced MRCP was shown to detect pancreas divisum with satisfactory specificity (97%) and sensitivity (73%), whereas MRCP without secretin was found to be nondiagnostic for this condition [6] . In another study [43] , the AUC value for secretin-enhanced MRCP was statistically significantly higher than that for non-secretin-enhanced images for diagnosing divisum (0.86 vs 0.74; p = 0.01). Our study mirrors these findings. Secretin-enhanced MRCP had a higher sensitivity than did conventional MRCP for diagnosing divisum (86% vs 57%), with only a marginal loss of specificity (96% vs 92%). Secretin-enhanced MRCP was also superior to conventional MRCP in diagnosing main duct dilation (86% vs 42%), but not ductal strictures.
The most impressive added benefit of se-cretin-enhanced MRCP was for the detection of side branch dilation, for which the sensitivity of secretin-enhanced MRCP was 71.4%, compared with a meager 21.4% for conventional MRCP. The AUC values for secretinenhanced MRCP and conventional MRCP were 0.904 versus 0.679 (p = 0.01). This suggests that secretin-enhanced MRCP is superior to conventional MRCP for the diagnosis of early chronic pancreatitis. Our study is the first, to our knowledge, to prove this in a blinded comparison using ERCP as a reference standard.
The strength of this study is the blinded independent evaluation of a large number of patients with recurrent acute pancreatitis and a control group. The method used for image assessment was rigorous and similar to that used in a multicenter phase 3 trial of a new secretin agent [11] . Nevertheless, we are aware of some limitations of the study. The principal of these is the retrospective nature of the study. In addition, the reviewers were blinded to clinical information, which may not reflect clinical practice. It was possible for the reviewers to determine which image sets were secretin-enhanced MRCP because of the increasing fluid content in duodenum from the exocrine output. However, the reviewers were blinded to findings on the non-secretin-enhanced images for the same patient. Secretin is an expensive drug in the United States, costing several hundred dollars per dose. Nevertheless, we think that it is useful in the MRI evaluation of selected patients with recurrent acute pancreatitis.
In conclusion, we have shown that secretin-enhanced MRCP is superior to conventional MRCP and T2-weighted sequences in detecting ductal abnormalities in patients with recurrent acute pancreatitis, particularly for findings related to early chronic pancreatitis. This may obviate the need for ERCP. In addition, secretin-enhanced MRCP showed a reduction in exocrine function in up to one-third of patients with recurrent acute pancreatitis. We believe that secretin-enhanced MRCP should be part of the MRI protocol for investigating patients with recurrent acute pancreatitis. Further studies are required to determine whether patients with recurrent acute pancreatitis with impaired exocrine function on secretin-enhanced MRCP may need to be treated differently from those with normal exocrine function. Selection flowchart for patients and control subjects in this study. Chart of semiquantitative determination of exocrine output in response to secretin. See text for description of scoring system. Black bars denote patients with recurrent acute pancreatitis, and gray bars denote control subjects. 47-year-old woman with recurrent acute pancreatitis. A, Non-secretin-enhanced MRCP shows one possible dilated side branch (arrow). This is insufficient to make diagnosis of chronic pancreatitis. B, Secretin-enhanced MRCP shows several mildly dilated side branch ducts (arrows) consistent with mild chronic pancreatitis. C, ERCP confirms these findings. 
